To compare severe short-term maternal and neonatal morbidity associated with midpelvic and low pelvic attempted operative vaginal delivery.
RESULTS: From December 2008 through October 2013 there were 2,138 attempted operative vaginal deliveries; 18.3% (n5391) were midpelvic, 72.5% (n51,550) low, and 9.2% (n5197) outlet. Severe maternal morbidity occurred in 10.2% (n540) of midpelvic, 7.8% (n5121) of low, and 6.6% (n513) of outlet attempts (P5.21); and severe neonatal morbidity in 15.1% (n559), 10 .2% (n5158), and 10.7% (n521) (P5.02), respectively. Multivariable logistic regression analysis found no significant difference between midpelvic and low attempted operative vaginal delivery for either composite severe maternal (adjusted odds ratio [OR] 1.01, 95% confidence interval [CI] 0.66-1.55) or neonatal morbidity (adjusted OR 1.25, 95% CI 0.84-1.86). Similarly, propensity score matching found no significant difference between midpelvic and low operative vaginal delivery for either severe maternal (adjusted OR 0.69, 95% CI 0.39-1.22) or neonatal morbidity (adjusted OR 0.88, 95% CI 0.53-1.45).
CONCLUSION:
In singleton term pregnancies, midpelvic attempted operative vaginal delivery compared with low pelvic attempted operative vaginal delivery was not associated with an increase in severe short-term maternal or neonatal morbidity. 1,2 although in the United States the rate in 2010 was 3.62% of all deliveries. 3 Several studies have suggested that midpelvic operative vaginal delivery might significantly increase both maternal and neonatal morbidity and that cesarean delivery might therefore be the preferred mode of delivery when the fetal head is at the midpelvic station. [4] [5] [6] [7] [8] [9] However, these studies, all published at least 25 years ago, have severe limitations 10 : the study population most often had both midpelvic operative vaginal delivery and forceps rotation rather than simply the former, 5, 6 the study designs were retrospective, and obstetric practices are likely to have changed since then. For instance, fetal heart rate monitoring was not routinely performed in some of the studies. 4, 11 Guidelines from the American College of Obstetricians and Gynecologists (the College), the Royal College of Obstetricians and Gynaecologists, and the Society of Obstetricians and Gynaecologists of Canada allow the use of midpelvic operative vaginal delivery only by experienced operators, [12] [13] [14] [15] whereas the French National College of Obstetricians and Gynecologists considers that the available data do not justify a strong contraindication of this specific type of delivery and that a case-by-case analysis is necessary. 10, 16 Our main and secondary aims were to assess severe maternal and neonatal morbidity after attempted operative vaginal delivery according to its classification (defined by fetal head station at instrument application) and to compare morbidity after midpelvic and low pelvic delivery attempts using propensity score matching to ensure comparability of the study groups.
MATERIALS AND METHODS
This prospective study took place from December 2008 to October 2013 at a tertiary care university hospital with more than 4,000 annual deliveries. It included all women carrying a live singleton fetus who underwent an attempted operative vaginal delivery, defined by the placement of at least one blade for forceps or spatula, or an attempt to place a vacuum, regardless of its success. Exclusion criteria were small for gestational age, defined as less than the 10th centile for gestational age on Hadlock curves, 17, 18 a known congenital anomaly, noncephalic presentation, and the absence of fetal station information according to the College classification. 19 Specifically, station was defined by the level of the leading bony point of the fetal head in centimeters at or below the level of maternal ischial spines (0 and +15midpelvic, +2 and +35low, +4 and +55outlet). All women received information about our study and consented to the collection of their data. The Research Ethics Committee of the University of Angers, France, approved the study .
The decision to perform operative vaginal delivery, the choice of instrument (forceps, Kiwi OmniCup vacuum, or Thierry's spatulas), and the place of delivery (operating room or not) were left to the obstetrician's discretion. Operative vaginal deliveries were performed by either the attending obstetrician (who had 5 years or more of experience with operative vaginal delivery) or the obstetric registrar (who had less than 5 years of such experience) under supervision. In all cases, an experienced obstetrician was present in the delivery room. All women were offered epidural analgesia. The bladder was emptied by catheter before delivery.
The medical records of women with attempted operative vaginal delivery were assessed and discussed on working days at the daily morning staff meeting. Attending obstetricians regularly reviewed with registrars the College classification, academic knowledge about operative vaginal delivery, and the French National College of Obstetricians and Gynecologists clinical practice guidelines for operative vaginal delivery: rotational forceps-assisted deliveries (greater than 90°rotation) are not recommended; available data do not fully justify contraindication of midpelvic delivery, which can be performed in appropriate selected cases by trained, experienced obstetricians. 10, 16 Indications for attempted operative vaginal delivery included nonreassuring scalp pH and fetal heart rate (defined by any of prolonged deceleration, bradycardia, decreased variability, or thick meconium 20 ) and prolongation of active second stage resulting from inadequate expulsive efforts or failure to progress. 10, 16 All women underwent continuous fetal heart rate monitoring. Episiotomy was left to the discretion of the practitioner. All episiotomies were mediolateral. A pediatrician examined the newborn in all cases in the 2 hours after delivery.
The details of the procedures used to manage the labor as well as all clinical outcomes identified during the immediate postpartum period were prospectively collected by the midwife or obstetrician and pediatrician responsible for the delivery and the neonate. Other data were collected by a research assistant, independent of the local medical team, from a prospectively maintained database of women who underwent attempted operative vaginal delivery. Maternal characteristics collected included age, body mass index (BMI, calculated as [weight (kg)/[height (m)] 2 , based on height and the first weight noted in the obstetric record), parity, and medical history. Intrapartum variables recorded included gestational age at delivery (determined by the craniocaudal length at a first-trimester ultrasound examination or by the date of last menstrual period, a second-or thirdtrimester ultrasonogram, or both if the first-trimester ultrasonogram was not performed), Unauthorized reproduction of this article is prohibited.
suspicion of macrosomia (determined by fundal height measurement at delivery greater than 37 cm, ultrasonographic fetal abdominal circumference greater than 90th percentile for gestational age on Hadlock curves, 17 or both), type of labor (spontaneous or induced by prostaglandins, amniotomy, or oxytocin), analgesia (intravenous, local, or regional), fetal head position at crowning (occiput posterior or anterior or transverse), duration of the entire second stage of labor (complete dilatation to birth) and of the active second stage (from the beginning of expulsive efforts to birth [pushing time]), 22 indication for attempted operative vaginal delivery, station at attempted delivery, instrument, delivery by attending obstetrician or registrar, place of delivery (operating room or not), and birth weight.
The endpoints were composite variables of severe maternal and neonatal morbidity. Severe short-term maternal morbidity was defined by at least one of the following criteria: third-or fourth-degree perineal laceration, perineal hematoma, cervical laceration, extended uterine incision for cesarean delivery, postpartum hemorrhage greater than 1,500 mL (blood loss was routinely assessed with a collector bag [MVF Merivaara] placed just after birth), 23 surgical hemostatic procedures, uterine artery embolization, blood transfusion, infection, thromboembolic events, admission to the intensive care unit, and maternal death.
Severe neonatal morbidity was defined by at least one of the following criteria: 5-minute Apgar score less than 7, umbilical artery pH less than 7.00 (umbilical artery blood gas values were routinely measured), need for resuscitation or intubation, neonatal trauma, intraventricular hemorrhage greater than grade 2, neonatal intensive care unit admission for more than 24 hours, convulsions, sepsis, and neonatal death. 24 Continuous data were described by their means6standard deviations and compared by t tests (or Mann-Whitney tests when appropriate), and categorical data were described by percentages and compared by x 2 tests (or Fisher's exact tests when appropriate). The relations between attempted operative vaginal delivery classification and severe maternal and neonatal morbidity were studied with multivariate logistic regressions and propensity score matching analyses. The multivariate logistic regression allowed us to analyze together the effect of other risk factors and potential confounders (maternal age, parity, BMI before pregnancy, gestational age, induction of labor, epidural use, persistent occiput position, attempted operative vaginal delivery classification, delivery by attending obstetrician or registrar, instrument type, active phase of second stage longer than 30 minutes, indications for attempted operative vaginal delivery, birth weight, and episiotomy). [25] [26] [27] [28] The propensity score analyses were performed as sensitivity analyses to confirm the results of the multivariate logistic regressions. The propensity score was based on a logistic regression model that included all the covariates that were significantly differently distributed according to whether the attempt was midpelvic or low pelvic. 29 STATA 13.1 was used for all analyses. P values ,.05 were considered to be statistically significant.
RESULTS
During the study period, the hospital had 19,786 deliveries: 15,836 (80.0%) were vaginal, including 2,153 (13.6%) successful operative vaginal deliveries, and 3,950 (20.0%) were cesarean deliveries, including 39 (0.2% of all deliveries and 1% of all cesarean deliveries) after failed operative vaginal delivery. There were thus 2,192 deliveries with an attempted operative vaginal delivery: successes 98.2% and failures 1.8%. However, 28 neonates were twins (n514 women), 26 were preterm, and 14 were small for gestation age and were therefore excluded. Therefore, our final sample comprised 2,138 deliveries with an attempted operative vaginal delivery: 18.3% (n5391) midpelvic, 72.5% (n51,550) low, and 9.2% (n5197) outlet. Among all women with a fetus at midpelvic station at delivery, only 17 (4.2%) had a cesarean delivery without an operative vaginal attempt. Table 1 details the maternal and labor characteristics and maternal and neonatal outcomes according to the operative vaginal delivery classification. There were no maternal or perinatal deaths. Persistent occiput posterior or transverse, forceps and spatulas, manual rotation, attempted delivery performed by the attending senior obstetrician, and operating room delivery were significantly more frequent in midpelvic compared with attempted low pelvic delivery ( Table 1) .
The rate of severe maternal morbidity after attempted operative vaginal delivery was 8.3% (n5161) and did not differ significantly among the three groups (midpelvic, low, and outlet) ( Table 1) . Women with severe morbidity were compared with a pooled group of women with either no morbidity or morbidity considered not severe. These groups differed according to previous cesarean delivery, prepregnancy BMI, gestational age 41 weeks or greater, spatula application, and birth weight, but not according to midpelvic compared with low Table 3 ). The rate of severe neonatal morbidity was 11.1% (n5217) and differed significantly among the midpelvic, low, and outlet groups (Table 1 ). In the univariate analysis, attempted midpelvic delivery was associated with a higher rate of severe neonatal morbidity than low attempted low pelvic (Table 2) . After adjustment for confounding factors in the multivariate logistic regression analysis, this association was not significant (adjusted OR 1.25, 95% CI 0.84-1.86) ( Table 3) .
The propensity score was based on all variables that differed significantly in the univariate analysis according to the delivery classification (midpelvic compared with low pelvic) ( Table 4 ). The matching process resulted in 618 cases that could be analyzed: 309 matched women in each group, including 31.8% of the original cohort of midpelvic (79%) and 19.9% of the attempted low pelvic deliveries. After propensity score matching, attempted midpelvic delivery was not significantly associated with severe maternal (adjusted OR 0.69, 95% CI 0.39-1.22) or neonatal morbidity (adjusted OR 0.88, 95% CI 0.53-1.45). significant. * Prenatal suspicion of macrosomia: fundal height measurement at delivery greater than 37 cm, ultrasonographic fetal abdominal circumference greater than 90th percentile for gestational age on Hadlock curves, or both. † Second-line therapies: uterine compression sutures, uterine artery embolization, and peripartum hysterectomy for management of massive primary postpartum hemorrhage after failure of uterine massage and uterotonic agents to stop bleeding. ‡ Infections were defined by at least one of the following: endometritis, episiotomy infection, or wound infection requiring surgery. § Severe maternal morbidity was defined by at least one of the following criteria: third-or fourth-degree perineal lacerations, perineal hematomas, cervical laceration, extended uterine incision at cesarean delivery, PPH greater than 1,500 mL, surgical hemostatic procedure, uterine artery embolization, blood transfusion, infections (endometritis, episiotomy infection, wound infection needed surgery), thromboembolic event (deep vein thrombophlebitis or pulmonary embolism), admission to intensive care unit, and maternal death. k Neonatal trauma was defined by the existence of at least one of the following criteria: fracture of the clavicle or a long bone, brachial plexus injury, and cephalhematoma. ¶ Severe neonatal morbidity was defined by at least one of the following criteria: 5-minute Apgar score less than 7, umbilical artery pH less than 7.00, need for resuscitation or intubation, neonatal trauma, intraventricular hemorrhage greater than grade 2, admission to the NICU for greater than 24 hours, convulsions, sepsis, and neonatal death.
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DISCUSSION
In our study, midpelvic attempted operative vaginal delivery was not associated with a higher rate of severe maternal and neonatal morbidity than attempted low pelvic delivery. In the univariate analysis, postpartum hemorrhage, scalp laceration, scalp hematoma, sepsis, and composite severe neonatal morbidity were more frequent in the midpelvic group, but these differences did not persist after multivariate analysis or propensity score analysis. It is difficult to compare our results with the literature because previous studies of midpelvic deliveries are all retrospective cohorts that pooled midpelvic with rotational forceps (greater than 90°r otation, used only once in our study). [4] [5] [6] [7] [8] [9] Our data are robust: a collector bag was routinely used to estimate blood loss after delivery, and all neonates were routinely examined by a qualified neonatologist after delivery. They are consistent with other well-established findings in the literature: severe maternal morbidity was higher with the use of forceps and spatula, compared with vacuum, and was also associated with a longer active second stage of labor; severe neonatal morbidity was associated with deliveries before 39 weeks of gestation. 25, 28 Level of training and episiotomy were found to be associated with Unauthorized reproduction of this article is prohibited.
severe neonatal morbidity; although we could not identify likely explanations, these results might have been influenced by other hidden confounders that were unfortunately not recorded such as chorioamnionitis and day and hour of delivery. Our results must be interpreted in light of certain limitations. First, our study reflects the experience of one tertiary university hospital and its results can be generalized only to other perinatal centers using the same practices (skilled obstetricians, senior supervising staff, daily morning staff meetings). Second, we reported a low rate of failed operative vaginal delivery (1.8%), consistent with other French and robust European studies (1.5%) 30, 31 but lower than those reported in the last Cochrane review (3.6%). 32 This too may limit generalizability. Third, although the sample size of this prospective cohort was large (n52,138), including a substantial number of midpelvic attempted operative vaginal deliveries (n5391) and comparable in size to other published studies of maternal or neonatal outcomes after operative vaginal delivery, [25] [26] [27] [28] the limited number of severe maternal (n5161) and neonatal (n5217) complications in our sample might not have been high enough to reveal a statistically significant effect of the intervention. Nonetheless, we would like to underline that our sample size was sufficient to show an increase in severe maternal and neonatal morbidity related to midpelvic attempted operative vaginal delivery corresponding to an OR of 1.78 with a power of 80% assessed according to the observed incidence of severe maternal or neonatal complications. Fourth, determination of the station of the fetal head and thus classification of the operative vaginal deliveries is quite subjective and is influenced by fetal head position, molding, and time of assessment (before or after regional analgesia). These limitations notwithstanding, our study supports the continued use of midpelvic delivery in appropriately selected candidates. Unauthorized reproduction of this article is prohibited.
